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ROCKET MEASUREElIENTS OF COSMIC NOISE INTENSITIES BELOW 5 MC/S 

J. K. Alexander and R. G. Stone 
NASA-Goddard Space F l i g h t  C e n t e r  

ABSTRACT 

Cosmic r a d i o  no i se  i n t e n s i t i e s  a t  f o u r  f r e q u e n c i e s  below 
5 Mc/s were measured w i t h  a rocke t  probe launched from Wallops 
I s l a n d ,  Va., on 23 October 1964. The exper imenta l  payload 
which c o n s i s t e d  of a s h o r t  d i p o l e  antenna,  fou r  TRF r e c e i v e r s ,  
a r e f e r e n c e  no i se  source  and an antenna impedance probe reached 
an apogee a l t i t u d e  of 1070 km dur ing  t h e  20-minute f l i g h t .  
The measured cosmic background n o i s e  i n t e n s i t i e s  were 

(2.2 x 1Q-20w/rn2/cps/sr. a t  1.91 Me/s, 

(2.7 - 0.5) x 10-20w/m2/cps/sr. a t  2.85 Mc/s, 

(1.7 x 10-20w/m2/cps/sr. a t  3 - 6 0  Mc/s, - 0.7 

(2.2 + 1*4) x 10-20w/m2/cps/sr. a t  4.70 Mc/s. - 0.9 

These r e s u l t s ,  which a r e  for  a hemisphere c e n t e r e d  near  t h e  
North G a l a c t i c  Po le ,  a r e  not  i n c o n s i s t e n t  w i t h  an i n t e r p r e t a t i o n  
of t h e  turn-over i n  t h e  no i se  spectrum below 5 Mc/s a s  be ing  
due t o  abso rp t ion  by nearby g a l a c t i c  H I 1  r e g i o n s  having an 
emiss ion  measure t h e  o rde r  of 5 c m m 6  pc. 

The anomalous r a d i o  no i se  enhancements observed a t  low 
2 a l t i t u d e s  (where l - Y  < X < 1 ,  Y<1) on t h i s  and o t h e r  s i m i l a r  

experiments  a r e  shown t o  be a s s o c i a t e d  w i t h  resonance e f f e c t s  
i n  t h e  antenna impedance i n  t h e  ionosphe r i c  plasma. && 



I NTRODUCTI ON 

Since  r a d i o  as t ronomica l  measurements a r e  s e v e r e l y  hampered 
by t h e  ionosphere a t  f r equenc ie s  below about 10 Mc/s, obser-  
v a t i o n s  i n  t h i s  f requency range must be performed wi th  h igh  
a l t i t u d e  r o c k e t  probes or s a t e l l i t e s .  There have been some 
ground-based obse rva t ions  under very s p e c i a l  c o n d i t i o n s  ( E l l i s ,  
1964), bu t  t h i s  approach is q u i t e  d i f f i c u l t  a t  b e s t .  T h i s  
concern is born ou t  by t h e  r e s u l t s  of r e c e n t  space-borne expe r i -  
ments which a r e  not  e n t i r e l y  c o n s i s t e n t  w i t h  t h e  measurements 
of cosmic no i se  i n t e n s i t i e s  below 5 Mc/s ob ta ined  from t h e  
ground. Rocket probe measurements of t h e  average cosmic n o i s e  
i n t e n s i t i e s  a t  1.225 and 2.0 Mc/s by Walsh e t  a 1  (1963) a g r e e  
w i t h  t h e  sugges t ion  by E l l i s  and co-workers t h a t  t h e  r a d i o  
spectrum f a l l s  o f f  s h a r p l y  i n  t h i s  r ange ,  a l though t h e  r o c k e t  
i n t e n s i t i e s  a r e  n e a r l y  twice the  i n t e n s i t i e s  de r ived  from t h e  
ground obse rva t ions .  A h igh  a l t i t u d e  r o c k e t  measurement by 
Huguenin e t  a 1  (1963) a t  2.2 Mc/s a g r e e s  more c l o s e l y  w i t h  
t h e  ground-based r e s u l t s ,  bu t  t h e  exper imenta l  u n c e r t a i n t y  i n  
t h e  rocke t  d a t a  is t o o  l a r g e  t o  h e l p  r e s o l v e  t h e  d iscrepancy  
between t h e  o t h e r  rocket and ground obse rva t ions .  A loue t t e  
s a t e l l i t e  measurements r e p o r t e d  by Hartz  (1964),  on t h e  o t h e r  
hand, sugges t  t h a t  t h e  cosmic noise  spectrum between 1.5 and 
5 Mc/s is  f l a t t e r  t han  observed by e i the r  E l l i s  or Walsh e t  a l .  

I n  order  t h a t  t h i s  s i t u a t i o n  might be r e s o l v e d  t o  provide  
a more c o n s i s t e n t  p i c t u r e  of t h e  cosmic n o i s e  spectrum, a 
r a d i o  astronomy r o c k e t  probe was launched t o  an  a l t i t u d e  of 
n e a r l y  1100 km above Wallops I s l a n d ,  V i r g i n i a ,  on October 23, 
1964. The payload was instrumented t o  measure average n o i s e  
i n t e n s i t i e s  a t  1.91, 2.85, 3 ,60  and  4.70 Mc/s. A r e p o r t  of 
t h i s  experiment and a d i scuss ion  of t h e  i m p l i c a t i o o s  of i ts 
r e s u l t s  fo l low.  

EXPERIMENT INSTRUMENTATION 

The r a d i o  astronomy ins t rumen ta t ion  was comprised of a 
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s h o r t  (9.76m) d i p o l e  antenna which was connected through 
a p p r o p r i a t e  matching networks t o  f o u r  TRF r e c e i v e r s  p l u s  a 
comparison n o i s e  source  and a probe t o  measure antenna 
impedance. A p a i r  of or thogonal  magnetometers and a s o l a r  
a s p e c t  sensor  provided suppor t ing  informat ion  r e g a r d i n g  v e h i c l e  
s p i n  and a spec t .  A block diagram of t h e  experiment is g iven  
i n  F igu re  1. 

The t e l e s c o p i n g  d i p o l e  was i n i t i a l l y  f o l d e d  under t h e  
payload nose cone and was then  e r e c t e d  t o  i ts f u l l  l e n g t h  
a f t e r  130 seconds of f l i g h t  a t  an  a l t i t u d e  of about 225 km. 
An i n t e r n a l  programmer a l t e r n a t e l y  connected t h e  antenna t o  
t h e  i n p u t  of t h e  r e c e i v i n g  system and to t h e  inpu t  t e r m i n a l s  
of t h e  impedance probe. A s  shown i n  F igu re  1, t h e  r e c e i v e r s  
were ope ra t ed  i n  p a i r s  so  t h a t  when one p a i r  of r e c e i v e r s  
was sampling t h e  antenna (e.g., a t  1.91 and 3.68 Mc/s) t h e  
other  p a i r  (2.85 and 4.70 Mc/s) was connected t o  t h e  comparison 
no i se  sou rce  for  c a l i b r a t i o n .  The comparison n o i s e  s o u r c e ,  
i n  t u r n ,  was programmed t o  provide three l e v e l s  of c a l i b r a t i o n  - 
a z e r o  l e v e l ,  a l e v e l  near t h e  middle of t h e  r e c e i v e r  dynamic 
range ,  and a h igh  l e v e l  s i g n a l .  The f u l l  program sequence is 
given i n  F igu re  2. For t h e  f i rs t  15 seconds of t h e  duty c y c l e  
t h e  r e c e i v e r s  a l t e r n a t e l y  sample t h e  antenna and t h e  n o i s e  
sou rce  i n  2.5-second i n t e r v a l s .  For t h e  f i n a l  5 seconds of 
t h e  program c y c l e  t h e  antenna impedance probe is  on, and t h e  
r e c e i v e r s  a r e  i n o p e r a t i v e .  

Each r e c e i v e r  employed seven s t a g e s  of wide-band ampli- 
f i c a t i o n  and p a s s i v e  band-pass f i l t e r s  t o  determine t h e  c e n t e r  
f requency and bandwidth. The noise  bandwidths for each  r a d i -  
ometer system, i n c l u d i n g  t h e  matching networks,  were 34 kc/s  
a t  1.91 Mc/s, 260 kc/s a t  2.85 M d s ,  185 kc/s a t  3.60 Mc/s, 
and 190 kc/s a t  4.78 Mc/s. 
which u t i l i z e d  t h e  f u l l  a v a i l a b l e  t e l e m e t r y  bandwidth and a 
narrow-band output  which had a t i m e  c o n s t a n t  of 0.14 second. 

Each channel  had a wideband ou tpu t  
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The no i se  source  c o n s i s t e d  of a S o l i t r o n  SD2L no i se  
diode and two broad-band ampl i f i e r  s t a g e s .  A t h r e e - s t e p  
a t t e n u a t o r  was switched by  r e l a y s  t o  provide  three l e v e l s  
of c a l i b r a t i o n  t o  t h e  r e c e i v e r s .  To improve t h e  s t a b i l i t y  
of t h e  no i se  sou rce ,  power was never removed dur ing  t h e  f l i g h t .  
I n s t e a d ,  t h e  l a s t  s t e p  of t h e  a t t e n u a t o r  t e rmina ted  t h e  r a d i -  
ometers t o  o b t a i n  a r e s i d u a l  ("zero") n o i s e  l e v e l .  

A schematic  diagram of t h e  antenna impedance probe is 
g iven  i n  F igu re  3 .  A one-volt  r m s  s i g n a l  a t  t h e  f requency 
of i n t e r e s t  ( e i t h e r  2.00, 2.85, 4.44 or 5.47 Mc/s) is a p p l i e d  
t o  t h e  antenna through a wide-band t ransformer .  A sample of 
t h e  v o l t a g e ,  V,  a c r o s s  t h e  antenna and t h e  c u r r e n t ,  I ,  i n  
t h e  antenna a t  f requency ,  f ,  a r e  ob ta ined  from t h e  sensor  
a t  t h e  antenna t e r m i n a l s ,  These a r e  i n d i v i d u a l l y  mixed w i t h  
a s i g n a l  from a bea t - f r equency-osc i l l a to r  a t  f requency,  f-Af, 
and t h e  s i g n a l s  a t  t h e  d i f f e r e n c e  f requency ,  A f ,  a r e  f i l t e r e d ,  
a m p l i f i e d  and d e t e c t e d  t o  provide dc o u t p u t s  p r o p o r t i o n a l  t o  
I V I and 111 . The t w o  s i g n a l s  a r e  a l s o  compared i n  a phase 
d e t e c t o r  t o  provide  an ou tpu t  p r o p o r t i o n a l  t o  t h e  phase ang le ,  
@. Since  t h e  antenna has  a very high c a p a c i t i v e  r eac t ance  
and a very sma l l  r e s i s t a n c e ,  an expander is a l s o  u t i l i z e d  t o  

g i v e  a f i n e  output  f o r  phase angles  near  -goo. 
Since  t h e  c a l i b r a t i o n  of an experiment of t h i s  t ype  is 

of cons ide rab le  importance,  w e  w i l l  b r i e f l y  d e s c r i b e  t h e  
c a l i b r a t i o n  procedures  employed f o r  our payload. As shown 
i n  F i g u r e  4 a ,  t h e  ou tpu t  of a c a l i b r a t i o n  n o i s e  gene ra to r  
was f e d  through a 1:l ba lun  t o  an R-C network which s imula ted  
t h e  impedance of t h e  d i p o l e  antenna used i n  f l i g h t .  The 
r e a c t a n c e  of t h e  dummy antenna could be v a r i e d  over a wide 
range  (corresponding t o  a range of antenna capac i t ance  from 
zero t o  twice t h e  f r e e  space  value)  i n  o r d e r  t h a t  t h e  m i s -  
match caused by ionosphe r i c  detuning could  be measured. The 
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ou tpu t  of t h e  f l i g h t  radiometers  was d e l i v e r e d  t o  t h e  f l i g h t  
t e l e m e t r y  and was t h e n  recorded by s t a n d a r d  t e l e m e t r y  ground 
s t a t i o n  equipment. Hence, t h e  f u l l  exper imenta l  payload was 
c a l i b r a t e d  i n  t h e  f l i g h t  conf igu ra t ion .  
was c a l i b r a t e d  over a wide range of t empera tu res ,  supply 
v o l t a g e s ,  and v a l u e s  of antenna impedance, and t h e  tempera ture  
and supply v o l t a g e  of each sub-system was l a t e r  monitored 
du r ing  t h e  f l i g h t  so  t h a t  appropr i a t e  c o r r e c t i o n s  could be 
made du r ing  d a t a  a n a l y s i s  i f  necessary.  The antenna impedance 
probe was c a l i b r a t e d  s imultaneously.  

The c a l i b r a t i o n  no i se  source was composed of an SD2L 

The r e c e i v i n g  system 

zener  diode fol lowed by a wide-band a m p l i f i e r  and a v a r i a b l e  
p r e c i s i o n  a t t e n u a t o r .  To determine i t s  ou tpu t  r e l i a b l y ,  t h e  
n o i s e  source  was compared w i t h  a CW s i g n a l  gene ra to r  a s  shown 
i n  F igu re  4b. The s i g n a l  genera tor  ou tpu t  a t  a f i x e d  l e v e l  
was first measured t o  an  accuracy of &2 percen t  w i t h  a broad- 
band ca lo r ime te r .  (The ca lo r ime te r  was not  s u f f i c i e n t l y  s e n s i t i v e  
t o  measure t h e  n o i s e  source  output  d i r e c t l y . )  Then t h e  s i g n a l  
g e n e r a t o r  and n o i s e  source  ou tpu t s  were compared u s i n g  a 
communications r e c e i v e r  and a VTVM. I t  can be shown t h a t ,  
for a narrow band r e c e i v e r  w i t h  a l i n e a r  envelope d e t e c t o r  
and a DC meter, t h e  r a t i o  of t h e  i n p u t  n o i s e  power t o  t h e  
i n p u t  CW power is equa l  t o  4 / ~  for a given VTVM reading .  

EXPERI &ENTAL RESULTS 

The experiment was launched on a fou r - s t age  J a v e l i n  
h r o c k e t  a t  16 00.6m U.T. on October 23, 1964, and reached 

an apogee a l t i t u d e  of 1070 km a f t e r  about 10.5 minutes of 
f l i g h t .  

Good da ta  were ob ta ined  from antenna deployment a t  about 
225 km a l t i t u d e  u n t i l  t h e  payload r e -en te red  t h e  ionosphere 
a t  about 200 km a l t i t u d e .  The veh ic l e  was above 1000 km fo r  
about 5 minutes ,  and only no i se  data  ob ta ined  du r ing  t h i s  
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per iod  were used f o r  t h e  cosmic n o i s e  i n t e n s i t y  a n a l y s i s .  
The Explorer  XX topside-sounder s a t e l l i t e  passed d i r e c t l y  
over Wallops I s l a n d  about 20 minutes be fo re  launch,  and t h e  
sounder d a t a  showed t h e  l o c a l  e l e c t r o n  plasma frequency a t  
1000 km t o  be l e s s  t h a n  850 kc/s. 

The raw n o i s e  d a t a  i n  t h e  form of r e c e i v e r  ou tpu t  v o l t a g e s  
f o r  each frequency a r e  p l o t t e d  i n  F igu re  5. The v e r t i c a l  
s c a l e s  have been d i s p l a c e d  f o r  e a s i e r  i n s p e c t i o n ,  and hence 
t h e  r e l a t i v e  no i se  va lues  from frequency-to-frequency have 
not  been a c c u r a t e l y  preserved.  Not ice  t h a t  a t  t h e  lowest 
f requency (1.91 Mc/s) t h e  r e c e i v e r  ou tpu t  beg ins  a t  a 
r e l a t i v e l y  low l e v e l  and then  i n c r e a s e s  s h a r p l y  t o  a peak 
a t  about 600 km a l t i t u d e .  After f a l l i n g  a b r u p t l y  i n  about 
30 seconds,  t h e  apparent  n o i s e  l e v e l  then  shows a g radua l  
rise t o  a p l a t e a u  cen te red  about f l i g h t  apogee. A s  t h e  v e h i c l e  
descends t h e  p a t t e r n  is  repea ted  i n  r e v e r s e  - a g radua l  de- 
c r e a s e ,  t hen  a s h a r p  no i se  enhancement, and f i n a l l y  a d e c l i n e  
t o  a low l e v e l  a t  a l t i t u d e s  below 400 km. Each d a t a  p o i n t  
i n  F igu re  5 r e p r e s e n t s  an average va lue  for  each  2.5-second 
sampling i n t e r v a l .  The no i se  output  was a c t u a l l y  s t r o n g l y  
spin-modulated below about 700 km, a l though no c l e a r  evidence 
for  s p i n  modulation could  be d e t e c t e d  when t h e  payload was 
much above t h a t  a l t i t u d e .  The u n c e r t a i n t y  i n  t h e  t e l eme t ry  
system and i n  d a t a  r ead ing  is  shown by t h e  e r r o r  f l a g s .  A t  
2.85 Mc/s t h e  g e n e r a l  v a r i a t i o n  of no i se  l e v e l  w i t h  a l t i t u d e  
was t h e  same except  t h a t  t h e  noise  enhancement peak occurred  
a t  a lower a l t i t u d e .  T h i s  t r e n d  is f u r t h e r  v e r i f i e d  by t h e  
3.6 and 4.7 Mc/s da ta .  The 3.6 Mc/s n o i s e  enhancement was 
observed t o  begin  immediately a f t e r  antenna deployment before 
t h e  cor responding  e v e n t s  a t  2.85 and 1.91 Mc/s and a f t e r  t h e  
lower frequency e v e n t s  a t  t h e  end of t h e  f l i g h t .  A t  4.7 Mc/s, 
only  t h e  end of t h e  enhancement event appears  t o  have been 
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observed du r ing  a s c e n t ,  and t h e r e  is no i n d i c a t i o n  of an 
enhancement on t h e  descending leg of t h e  f l i g h t .  Notice t h a t  
t h e  observed s i g n a l  l e v e l  was extremely s t e a d y  a t  3.6 and 
4.7 Mc/s throughout t h e  eleven-minute pe r iod  when t h e  v e h i c l e  
was above 700 km. 

For comparison w i t h  t h e  gene ra l  f e a t u r e s  of t h e  n o i s e  
d a t a ,  t h e  impedance probe r e s u l t s  a t  2.0 and 4.4 Mc/s a r e  
p l o t t e d  a s  a f u n c t i o n  of t i m e  i n  F i g u r e  6. A t  2.0 Mc/s, t h e  
antenna r e s i s t a n c e  appears  t o  be extremely high a t  a l t i t u d e s  
below 600 km, shows s t r o n g  modulation above a va lue  30 t o  40 

t i m e s  t h e  f r e e  space  r e s i s t a n c e  i n  t h e  700 t o  900 km r e g i o n ,  
and t a p e r s  o f f  t o  a va lue  c l o s e  t o  t h e  f r e e  space r e s i s t a n c e  
above 1000 km. The 2.0 Mc/s antenna capac i t ance ,  on t h e  o t h e r  
hand, goes from z e r o  near  600 km smoothly up t o  its f ree  space  
va lue  a t  apogee. There is evidence f o r  s p i n  modulation of t h e  
capac i t ance  a t  t h e  lower a l t i t u d e s ,  b u t  t h i s  e f f e c t  cannot be 
c l e a r l y  d e l i n e a t e d  s i n c e  t h e  impedance probe sampling r a t e  is 
c l o s e  t o  t h e  v e h i c l e  s p i n  ra te .  A t  4.4 Mc/s, t h e  apparent  
antenna r e s i s t a n c e  was unexpectedly l a r g e  below 500 km a l though 
it r a p i d l y  r e t u r n e d  t o  i t s  f ree  space va lue  a t  h igh  a l t i t u d e s .  
The capac i t ance  a t  4.4 Mc/s fol lowed t h e  same p a t t e r n  a s  a t  
2.0 Mc/s. The e r r o r  b a r s  shown f o r  t h e  d a t a  i n  F igu re  6 

r e p r e s e n t  t h e  t o t a l  e s t ima ted  u n c e r t a i n t y  of t h e  impedance 
probe and a r e  h4 ohms and h0.5 pf a t  2.0 Mc/s and h1.7 ohms 
and k0.25 pf a t  4.4 Mc/s f o r  r e l a t i v e  measurements of re- 
s i s t a n c e  and capac i t ance ,  r e s p e c t i v e l y .  The p r e c i s i o n  i n  
a b s o l u t e  measurement may be somewhat less .  The d e t a i l e d  
impedance behavior  a t  low a l t i t u d e s  w i l l  be d i scussed  i n  
r e l a t i o n  t o  t h e  n o i s e  enhancement r e g i o n s  i n  a subsequent 
s e c t i o n  of t h i s  r e p o r t .  

Using t h e  antenna impedance va lues  measured i n  f l i g h t ,  
t h e  r e c e i v e r  d a t a  ob ta ined  a t  a l t i t u d e s  above 1000 km have 
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been conver ted  i n t o  cosmic noise  i n t e n s i t i e s  a t  each  frequency.  
They a r e  

(2.2 r E::) x 10-20w/m2/cps/sr. a t  1.91 MC/S, 

(2.7 -t- - 0 . 5 )  x 10-20w/m2/cps/sr. a t  2.85 Mc/s, 

(1.7 A:;) x 10-20w/m2/cps/sr. a t  3.60 Mc/s, 

(2.2 A::) x 10-20w/m2/cps/sr. a t  4.70 Mc/s. 

The u n c e r t a i n t y  e s t i m a t e s  inc lude  t h e  p o s s i b l e  errors  i n  
t h e  rad iometer  system c a l i b r a t i o n ,  t e l eme t ry  system and d a t a  
r ead ing ,  and in s t rumen ta t  i on  performance i n  f l i g h t  . The 
i n t e n s i t y  measurements a t  1.91 and 2.85 Mc/s a r e  t h e  m o s t  
r e l i a b l e  and have an u n c e r t a i n t y  of &1.5 db and 
r e s p e c t i v e l y .  Due t o  a n o n l i n e a r i t y  i n  t h e  r e c e i v e r  response  
cu rves  a t  3.60 and 4.70 Mc/s, however, t h e s e  measurements 
must c a r r y  a n  u n c e r t a i n t y  g r e a t e r  t h a n  k2 db. 

db , +0.8 

Before  going on t o  a d i scuss ion  of t h e  i m p l i c a t i o n s  of 
t h e  cosmic n o i s e  i n t e n s i t y  measurements w e  w i l l  d e s c r i b e  i n  
more d e t a i l  t h e  l o w  a l t i t u d e  no i se  enhancements and anomalous 
impedance effects.  P l o t t e d  i n  F igu re  7 a r e  1.91 Mc/s r e l a t i v e  
apparent  n o i s e  i n t e n s i t y  i n  t h e  form of r e c e i v e r  ou tpu t  v o l t a g e ,  
2.0 Mc/s antenna r e a c t a n c e ,  and 2.0 Mc/s antenna r e s i s t a n c e  
fo r  a l t i t u d e s  between 300 and 800 km. Notice t h a t  d i r e c t l y  
a s s o c i a t e d  w i t h  t h e  no i se  peaks is a r e v e r s a l  i n  t h e  s i g n  of 
t h e  r e a c t a n c e ,  f r o m  i nduc t ive  a t  t h e  low a l t i t u d e  s i d e  t o  
c a p a c i t i v e  above, and a peak i n  t h e  r e s i s t a n c e  a t  a va lue  of 
s e v e r a l  thousand ohms. The same e f f e c t  is seen  i n  t h e  d a t a  
a t  2.85 Mc/s a s  p l o t t e d  i n  F igure  8. 

The n o i s e  enhancements have been observed p rev ious ly  on 
t h e  r o c k e t  f l i g h t s  of bo th  t h e  Univers i ty  of Michigan (Walsh 
e t  a l ,  1963) and Harvard Univers i ty  (Huguenin e t  a l ,  1963), 
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and these workers have i d e n t i f i e d  t h e  e v e n t s  w i t h  t h e  magneto- 
i o n i c  r e g i o n s  de f ined  by 1-Y < X < 1  and Y < 1 .  T h i s  is  approx- 
imate ly  t h e  c a s e  f o r  our da ta .  Within t h e  l i m i t s  t o  which 
t h e  v a r i a t i o n  of e l e c t r o n  d e n s i t y  w i t h  he igh t  a r e  know, t h e  
n o i s e  enhancements begin  a t  X = l  du r ing  a s c e n t  and end a t  X = l  

on descent .  The high a l t i t u d e  l i m i t  appears  t o  be nea re r  t o  
X=1-Y t han  X=1-Y2, however. 
l e v e l  enhancement is  a c t u a l l y  s p l i t  i n t o  a p a i r  of peaks; 
however t h i s  effect  does not  appear i n  t h e  impedance da ta .  
Neve r the l e s s  t h e  no i se  l e v e l  enhancements and t h e  resonance 
e f f e c t s  i n  t h e  antenna impedance appear t o  be c l o s e l y  r e l a t e d .  

2 

There i s  evidence t h a t  each  n o i s e  

Although i t  is tempting a t  f i rs t  g lance  t o  e x p l a i n  t h e  
n o i s e  peaks i n  terms of genuinely h igh  ionosphe r i c  n o i s e  f i e l d s  
produced by "plasma waves", i t  is d i f f i c u l t  t o  conceive of t h e  
energy source  r e q u i r e d  i n  t h i s  i n t e r p r e t a t i o n .  The impedance 
d a t a ,  however, provide evidence which suppor t s  a d i f f e r e n t  
i n t e r p r e t a t i o n  of t h e  high noise  l e v e l s .  S ince  t h e  antenna 
r e s i s t a n c e  goes a s  high a s  s e v e r a l  thousand ohms i n  t h i s  
magneto-ionic r eg ion  t h e  antenna w i l l  appear t o  be a much more 
e f f i c i e n t  r a d i a t o r ,  and t h e  apparent  n o i s e  power r e c e i v e d  
w i l l  i nc rease .  The 2 Mc/s antenna temperature  i n  t h i s  r e g i o n  
was c a l c u l a t e d  t o  be t h e  o rde r  of lo5 OK. 
t w o  o r d e r s  of magnitude above the  k i n e t i c  tempera ture  of t h e  
ionosphe r i c  plasma, i t  could  be accounted f o r  i n  terms of a 
s t r o n g l y  absorbed cosmic b r i g h t n e s s  temperature  of about l o7  OK. 

The unexpectedly h igh  va lues  of antenna r e s i s t a n c e  a$ 

Although t h i s  is  

2.0 Mc/s which a r e  observed even a t  a l t i t u d e s  above t h e  no i se  
enhancement r e g i o n s  a r e  more puzzl ing.  T h i s  a f f e c t  does not 
appear t o  be r e f l e c t e d  i n  t h e  noise  measurements. S ince  an 
o s c i l l a t o r  e x c i t e s  t h e  antenna dur ing  t h e  impedance measure- 
ments,  t h e  antenna is no longer  a p a s s i v e  device  a s  i n  t h e  
r e c e i v i n g  mode. I t  seems p o s s i b l e  t h a t  t h e  R F  v o l t a g e  on the 
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antenna could  i n t e r a c t  w i t h  t h e  i o n  s h e a t h  about t h e  antenna 
t o  produce non l inea r  plasma waves when t h e  impedance probe is 
energ ized .  T h i s  e f f e c t  could t h e n  be observed a s  r e s i s t i v e  
load ing  of t h e  antenna and could poss ib ly  produce t h e  h igh  
r e s i s t a n c e  va lues  observed a t  2 MC/Sm C e r t a i n l y  t h e  whole 
problem of antenna impedance i n  t h e  ionosphere deserves  more 
d e t a i l e d  exper imenta l  s tudy.  

D I SCUSS I ON 

The observed cosmic no i se  i n t e n s i t i e s  a r e  p l o t t e d  i n  
F igu re  9 a long  w i t h  o t h e r  measurements of t h e  no i se  spectrum 
i n  t h i s  f requency range.  Since our  measurements refer t o  
t h e  hemisphere c e n t e r e d  a t  about lII=10O , bII=80 , w e  have 
p l o t t e d  t h e  curve from t h e  Alouet te  s a t e l l i t e  measurements by 
Hartz  (1964) f o r  t h e  North G a l a c t i c  h a l o  r eg ion .  S ince  
A l o u e t t e  is a t  an a l t i t u d e  of about 1000 km these measurements 
should  be comparable, and t h e r e  is  agreement w i t h i n  t h e  un- 
c e r t a i n t i e s  of t h e  t w o  se ts  of measurements. The d a t a  ob- 
t a i n e d  from t h e  ground by E l l i s  (1964) a r e  f o r  t h e  r eg ion  of 
t h e  South G a l a c t i c  p o l e ,  but  were ob ta ined  w i t h  a more d i r e c t i v e  
antenna than  t h e  space-borne experiments.  The measurements of 
Walsh e t  a 1  (1963) a r e  f o r  a hemisphere c e n t e r e d  on 

0 0 

0 0 111=144 , bII= -19 , whereas the o b s e r v a t i o n s  by Huguenin e t  a 1  
(1963) r e p r e s e n t  an average over n e a r l y  t h e  whole c e l e s t i a l  
sphere .  Both t h e  measurements from t h e  ground and from t h e  
Michigan rocke t  sugges t  t h a t  the  cosmic no i se  spectrum has 
begun t o  f a l l  of s h a r p l y  i n  t h e  neighborhood of 2 Mc/s, and 
t h i s  has  been widely i n t e r p r e t e d  t o  be due t o  f r e e - f r e e  a b s o r p t i o n  
i n  i o n i z e d  g a l a c t i c  hydrogen having an  emission measure, <Ne2-, 
of about  4 t o  6 pc cm-6. 
3.60 and 4.70 Mc/s a r e  c o n s i s t e n t  w i t h  t h a t  i n t e r p r e t a t i o n .  

The new measurements a t  1.91, 2.85, 

The r o c k e t  and s a t e l l i t e  measurements have been re- 
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p l o t t e d  i n  F igu re  10 f o r  comparison w i t h  a s t r a i g h t  l i n e  e x t r a -  
p o l a t i o n  of t h e  spectrum observed a t  h igh  f r e q u e n c i e s  a s  
shown by t h e  dashed l i n e .  The background i n t e n s i t y  has been 
t aken  t o  vary a s  f 
assumes t h a t  t h e r e  is  uniform a b s o r p t i o n  by H I I ,  t h e n  t h e  
observed i n t e n s i t y  w i l l  be 

i n  t h i s  e x t r a p o l a t i o n .  If one then  -0.6 

N -0.17 I I, exp 

N = I, exp < N ~ ~ L > ]  

7P 
For a temperature  T = lo4 OK and an emiss ion  measure <Ne2D=5cm-6pc, 
one would expect  t o  observe t h e  spectrum shown by t h e  s o l i d  
cu rve ,  and indeed i t  is  a good f i t  t o  t h e  observed p o i n t s .  
D e t a i l e d  i n t e r p r e t a t i o n s  of t h e  spectrum on t h e  b a s i s  of t h e  
o b s e r v a t i o n s  made t o  d a t e  should be cons ide red  w i t h  c a u t i o n ,  
however, s i n c e  t h e  l a r g e  u n c e r t a i n t i e s  on most measurements 
embrace a r a t h e r  wide  range of s p e c t r a l  shapes.  

CONC LUS I ONS 

Measurements of i n t e g r a t e d  cosmic n o i s e  i n t e n s i t i e s  for  
a hemisphere c e n t e r e d  near  t h e  North G a l a c t i c  Pole  have shown 
t h e  spectrum t o  have a broad peak near  3 Mc/s a t  an i n t e n s i t y  
of about 2 7x10-20w/m2/cps/sr . 
c o n s i s t e n t  w i t h  t h e  concept of abso rp t ion  by a uniform H I 1  
r e g i o n  i n  t h e  s o l a r  neighborhood having an  emission measure 
of 5 pc cm-6. 
g i v e  an  i n d i c a t i o n  of t h e  degree of un i formi ty  or t h e  
clumpiness  of t h e  ion ized  hydrogen, b u t  t h e  u n c e r t a i n t i e s  
i n  t h e  p r e s e n t  measurements do not make t h i s  p o s s i b l e .  Observa- 
t i o n s  w i t h  a d i r e c t i v e  antenna below 10 Mc/s w i l l  c l a r i f y  

These r e s u l t s  a r e  not  in-  

The shape of t h e  spectrum below 5 Mc/s may 
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t h i s  s i t u a t i o n  i n  cons ide rab le  d e t a i l ,  and experiments  of 

t h i s  n a t u r e  a r e  be ing  planned (Alexander and Stone ,  1964). 
I n  t h e  meantime, t h e r e  a r e  a t  l e a s t  t h r e e  exper imenta l  a r e a s  
which can c o n t r i b u t e  t o  s o l u t i o n  of t h e  problem. They a r e :  

(1) one or two i n t e n s i t y  measurements below 1 Mc/s, 

(2) measurements w i t h  improved accuracy between 1 and 
10 Mc/s, 

(3) measurements w i t h  some d i r e c t i v i t y  between 10 and 
20 Mc/s t o  f a c i l i t a t e  e x t r a p o l a t i o n  of t h e  spectrum 
from high  t o  low f requencies .  

Measurements of t h e  impedance of a s h o r t  d i p o l e  i n  t h e  
ionosphe r i c  plasma have been i n t e r p r e t e d  t o  show a t  l e a s t  
t w o  d i f f e r e n t  phenomena which deserve f u r t h e r  s tudy .  The 
f irst  is  t h e  apparent  n o i s e  enhancement i n  t h e  r e g i o n  between 
X = l  and X=1-Y accompanied by a peak i n  antenna r e s i s t a n c e  
which has  t h e  e f f e c t  of i n c r e a s i n g  its e f f i c i e n c y .  The 
second i s  t h e  h igh  va lue  of antenna r e s i s t a n c e  observed when 
i t  is e x c i t e d  i n  t h e  r eg ion  f o r  X<1-Y2, Y<1.  

e f f e c t ,  which may a l s o  occur t o  a d i f f e r e n t  degree f o r  X > l - Y  , 
may be due t o  r e s i s t i v e  load ing  of t h e  antenna by nonl inear  
i n t e r a c t i o n  wi th  t h e  plasma shea th  sur rounding  t h e  antenna.  
These problems w i l l  be  d i scussed  i n  d e t a i l  i n  another  paper.  

2 

The l a t t e r  
2 
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FIGURE CAPTIONS 

F igure  1 - Block Diagram of Radio Astronomy Payload. 

F i g u r e  2 - Program Sequence f o r  Radio Astronomy Experiment. 

F i g u r e  3 - Block Diagram of Antenna Impedance Probe. 

F igu re  4a- Payload C a l i b r a t i o n  Diagram. 
b- C a l i b r a t i o n  of Standard Noise Source.  

F i g u r e  5 - V a r i a t i o n  of R e l a t i v e  Noise I n t e n s i t y  w i t h  Time and 
A l t i t u d e .  

F igu re  6 - V a r i a t i o n  of Antenna Impedance w i t h  Time and A l t i t u d e .  

F i g u r e  7 - Comparison of 1 .91 Mc/s Noise Enhancement Events 
w i th  Antenna Impedance a t  2.0 Mc/s. 

F i g u r e  8 - Comparison of 2.85 Mc/s Noise Enhancement Events 
w i t h  Antenna Impedance a t  2.85 Mc/s. 

F i g u r e  9 - Observed Cosmic Noise I n t e n s i t i e s  Below 10 Mc/s. 

F igure10  - Comparison of Rocket and S a t e l l i t e  Measurements w i t h  
P r e d i c t e d  Spectrum f o r  Uniform H I 1  Absorption. 
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